Reading and eye-hand coordination deficits in children with amblyopia may impede their ability to demonstrate their knowledge and skills, compete in sports and physical activities, and interact with peers. Because perceived scholastic, social, and athletic competence are key determinants of self-esteem in school-aged children, these deficits may influence a child's self-perception.
R eading and eye-hand coordination deficits have been reported in children with amblyopia. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] These limitations may impede the ability of students with amblyopia to demonstrate their knowledge and skills, compete in sports and physical activities, and interact with their peers. Perceived scholastic, social, and athletic competence, along with physical appearance, are key determinants of self-esteem in school-age children. [14] [15] [16] Thus, the limitations that are associated with amblyopia may influence a child's self-perception. Numerous amblyopia studies have focused on the association of patching treatments with self-esteem, stigma, bullying, and family stress. [17] [18] [19] [20] [21] [22] [23] [24] [25] On the other hand, to our knowledge, few studies have assessed how amblyopia itself affects self-perception. In a study of adults who were asked to recall how anisometropic amblyopia affected them during their school years, 76% reported that amblyopia affected their selfimage, 52% reported that amblyopia interfered with school, and 40% reported that amblyopia interfered with sports.
22
Using the Rosenberg Self-esteem questionnaire, a diverse group of students age 11 to 13 years with strabismic, anisometropic, combined mechanism, or deprivation amblyopia had no problems with self-esteem, but the 10-item scale was deemed by the authors to be insensitive because of ceiling effects. 26 Low social acceptance scores were found in a group of 9-year-old children that included some with amblyopia and others who had recovered but had a history of amblyopia. 27 However, this latter study was conducted more than a decade ago, an era during which amblyopic children were patching much more than the current recommendation of 2 hours per day (https://www. aao.org/ preferred-practice-pattern/amblyopia-ppp-2017) and were wearing their patches to school. It is not surprising that the lower social acceptance scores were associated with a history of patching. 27 The goals of this study were to determine whether children's self-perception is influenced by amblyopia in grades 3 to 8, examine whether self-perception scores are associated with deficits in performance in reading and motor skills tasks, and evaluate whether there are specific clinical factors that are associated with self-perception in children with amblyopia.
Methods

Participants
Fifty children with amblyopia in grades 3 to 8 (age 8 to 13 years) were enrolled. The eligibility criteria were a current diagnosis of strabismic, anisometropic, or combinedmechanism amblyopia (diagnostic criteria were developed by the Pediatric Eye Disease Investigator Group for the Amblyopia Treatment Studies 28 ); an amblyopic eye bestcorrected visual acuity (BCVA) of 0.2 logMAR or worse; a fellow eye BCVA of 0.1 logMAR or better; or an interocular difference in BCVA of 0.2 logMAR or greater. To evaluate the effect of amblyogenic factors in the absence of amblyopia, 13 age-similar children without amblyopia with anisometropia, strabismus, or both who had no history of amblyopia diagnosis or patching treatment were enrolled. All children with strabismus had achieved good alignment (<5 prism diopters) with spectacles and/or surgery at the time they participated in this study. As a comparison group, 18 agesimilar controls were also enrolled. None of the children were born prematurely (>32 weeks' postmenstrual age), had coexisting ocular or systemic disease, or had a history of congenital malformation or infection. Because the study included printed questionnaires, a reading test, and motor skills testing, additional exclusion criteria were dyslexia, enrollment in a reading intervention program, and a primary language other than English. The characteristics of each group are summarized in Table 1 .
Written informed consent was obtained from a parent after an explanation of the nature and possible consequences of the study. In addition, written informed assent was obtained from children age 10 to 12 years. All procedures and the protocol were approved by the institutional review board of the University of Texas Southwestern Medical Center, followed the tenets of the Declaration of Helsinki, and complied with the requirements of the US Health Insurance Portability and Accountability Act of 1996.
Vision
Every participant with or without amblyopia had a comprehensive eye examination that was performed by a fellowshiptrained pediatric ophthalmologist who diagnosed whether amblyopia was present and identified the etiologic factors. Children wore optical correction, if needed, in accordance with American Association for Pediatric Ophthalmology and Strabismus guidelines (https://aapos.org//client_data/files/2017/ 506_aaposmedicalneedforglasses.pdf). The best-corrected visual acuity was obtained for each eye with an opaque occluder patch and the electronic Early Treatment Diabetic Retinopathy Study method. 29, 30 Random-dot stereoacuity was evaluated using the Randot Preschool Stereoacuity Test (Stereo Optical Co, Inc) and the Stereo Butterfly Test (Stereo Optical Co, Inc), which were administered and scored according to the manufacturer's instructions.
Self-perception
Self-perception was assessed with the Self-perception Profile for Children. 31 This instrument uses a multidimensional approach to the measurement of self-perception. Beginning in
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Question How does amblyopia influence self-perception in children ages 8 to 13 years?
Findings
In this cross-sectional study, children with amblyopia had lower scholastic, social, and athletic competence scores as derived from the Self-perception Profile for Children than control children. Among children with amblyopia, the self-perception of scholastic competence was associated with reading speed, and the self-perception of scholastic, social, and athletic competence was associated with aiming and catching skills.
Meaning
These results suggest lower self-perception and its association with reading speed and motor skills highlight the potentially wide-ranging influence of altered visual development in children in their everyday lives. middle childhood, children are able to make domain-specific evaluations of their competence or adequacy in different arenas. 32 The Self-perception Profile for Children includes 5 specific domains: scholastic competence (perceived cognitive competence, as applied to schoolwork), social competence (perceived competence in skills that are needed to make friends, be popular, and have others like you), athletic competence (perceived competence in sports and outdoor games), physical appearance (feeling happy about looks), and behavioral conduct (the degree to which people do the right thing and avoid trouble). A sixth domain (not a composite score) evaluates the child's overall sense of their worth as a person (ie, global self-worth; how happy with the way they are leading their lives and the way they are as human beings).
For each domain, there are 6 items in a structured 2-alternative format that is designed to offset the tendency to give socially desirable responses. Specifically, the items are formulated to imply that half of the children in the world view themselves one way and half the other way, which legitimizes either choice. Two sample questions from the scholastic scale are provided in Figure 1 . The child was first asked to decide which kids he or she was most like for each statement. Once the child made this choice, he or she was asked to choose whether this is "really true for me" of "sort of true for me." Harter, 31 the developer of the Selfperception Profile for Children, argues that the effectiveness of this approach lies in the implication that half of the children in the world view themselves one way and half the other way, legitimizing either choice. Refining their answer into the "really true for me" or "sort of true for me" category broadens the range of choices into a 4-point scale (1 = lowest perceived competence or adequacy; 4 = highest perceived competence or adequacy). Within each domain, the first alternative is phrased in a positive manner for 3 of the 6 items and in a negative manner for the remaining 3 questions (Figure 1) . A mean score was calculated for each subscale.
The Self-perception Profile for Children was administered according to the published instructions.
33 All children had practice with a sample question to ensure that they understood the 2-alternative format and the subsequent choice of "really true for me" of "sort or true for me." For children in grades 3 and 4, the entire questionnaire was read to them by a research staff member. Older children sat with the research staff member but could read the questionnaire on their own, using the staff member as a resource if they had any questions or difficulty understanding any words. The child's parent was ideally seated in the next room, but if that was not possible, they sat behind the child and were instructed not to assist or coach the child in any way. Selfperception scale scores were not available to the examiner who was responsible for testing reading and motor skills.
Reading
Reading skill was assessed in children with amblyopia during the binocular viewing with the Readalyzer (Compevo AB), an infrared eye movement recording system that was mounted in goggles that were worn over the child's habitual optical correction. 4, 5 The child sat at eye level at a comfortable, habitual reading distance (35-40 cm) and was required to silently read printed paragraphs of text (12 lines; 100 words) from a booklet. The child first read a grade level-1 paragraph that served as a practice run, then a paragraph at the last grade level completed. Ten yes/no comprehension questions followed each silent reading. Recordings were considered acceptable for analysis if the comprehension was 80% or greater and the tracking reliability was 70% or greater. Reading speed (words per minute) was used as the outcome measure.
Motor Skills
Children with amblyopia were tested with the Movement Assessment Battery for Children 2 (MABC-2), a standardized test of motor skills and coordination that is administered in age bands (age 8-10 years; age 11-13 years for this study). The Movement Assessment Battery for Children 2 consists of 8 tasks that compose 3 subscales: manual dexterity (unimanual, bimanual, and drawing trail), aiming and catching, and balance (static and dynamic). Raw scores per task are converted into standardized scores, with higher scores indicating a better performance.
Analysis
A 1-way analysis of variance (ANOVA) was used to evaluate group differences (amblyopic, nonamblyopic, and normal control) for each self-perception domain (scholastic competence, social competence, athletic competence, physical appearance, behavioral conduct, and global self-worth). Significant ANOVAs were followed with post hoc pairwise comparisons of the amblyopic and nonamblyopic groups with the controls (Bonferroni-adjusted α = .025). Pearson r correlations were conducted for children with amblyopia only to examine the associations between task performance (reading speed and motor skills) and self-perception domain scores. Pearson r correlations also were conducted to determine whether clinical factors (amblyopic eye best-corrected visual acuity, stereoacuity) were associated with selfperception domain scores. Lastly, independent t tests were conducted to determine whether children with amblyopia with strabismus and children with amblyopia without strabismus differed on any self-perception domain.
Results
Self-perception and Global Self-worth
The mean self-perception scale scores for children with and without amblyopia and controls are summarized in Figure 2 and Table 2 . Scholastic, social, and athletic competence scores were significantly different among groups (F 2,78 , 9.04, 8.42, and 12.54, respectively; P < .004 for all 3 ANOVAs). Children with amblyopia had lower scores than control children for scholastic (t 66 = 3.80; P <.001), social (t 66 = 4.24; P < .001), and athletic competence (t 66 = 4.50; P < .001), but did not significantly differ from controls for the self-perception of physical appearance (t 66 = 2.00; P = .05) or behavioral conduct (t 66 = 1.52; P = .13). Children without amblyopia had significantly lower scores than control children for social (t 29 = 3.41; P = .02) and athletic competence (t 29 = 4.40; P < .001) but did not significantly differ from controls for the self-perception of scholastic competence (t 29 = 1.31; P = .20), physical appearance (t 29 = 0.37; P = .72), or behavioral conduct (t 29 = 0.09; P = .93). Neither children with or without amblyopia differed significantly Some kids feel that they are very good at their schoolwork
Other kids worry about whether they can do the schoolwork assigned to them 2. Some kids find it hard to make friends
Other kids find it pretty easy to make friends
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Self-perception and Task Performance in Amblyopia
The associations between competence scores and task performance were examined for children with amblyopia ( Figure 3) . Scholastic competence scores were positively associated with reading speed (r = 0.49; 95% CI, 0.17-0.72; P = .002). Scholastic, social, and athletic competence scores were positively associated with aiming and catching (scholastic competence, r = 0.48; 95% CI, 0.16-0.71; P = .007; social competence, r = 0.63; 95% CI, 0.35-0.81; P < .001; athletic competence, r = 0.53; 95% CI, 0.21-0.75; P = .003). No significant correlations between self-perception domain scores and manual dexterity or balance scores were observed.
Self-perception and Clinical Factors in Amblyopia
No significant correlations were found for amblyopic eye visual acuity or stereoacuity and domain scores. The scores of subgroups of children with amblyopia with or without strabismus did not differ significantly in any domain. Because nearly every child with amblyopia had a history of treatment with eyeglasses and patching, we were not able to compare the domain scores of the subgroups with and without these treatments.
Discussion
Amblyopia influences self-perception in children enrolled in third through eighth grade, especially the self-perception of scholastic, social, and athletic competence. Children with amblyopia had significantly lower scholastic, social, and athletic competence scores than control children. The selfperception of scholastic competence was associated with reading speed and the self-perception of scholastic, social, and athletic competence was associated with the performance of aiming and catching skills. No differences in the self-perception of physical appearance or behavioral conduct and no differences in global self-worth were found among amblyopic, nonamblyopic, and control groups. Children without amblyopia with strabismus, anisometropia, or both did not differ from controls in their selfperception of scholastic competence. However, the sample size was small (n = 13), limiting our power to determine whether subtle differences were present. The finding of no significant difference between children without amblyopia and controls is consistent with our previous report that amblyopia, not the associated etiologic factors of strabismus or anisometropia, is the key factor in slow reading in school-age children with amblyopia. 4, 5 Slow binocular silent reading in children with amblyopia is associated with ocular motor dysfunction. Children with amblyopia make more forward saccades than controls when reading, most likely because fixation instability results in saccades that miss the preferred landing position near the center of a word, thus requiring secondary corrective saccades to acquire the optimal position for decoding. [34] [35] [36] Our finding that children with amblyopia and children without amblyopia with strabismus, anisometropia, or both have comparably lower social and athletic competence scores than controls suggests that discordant binocular visual experience, and not amblyopia, is influencing self-perception in these domains. Because self-perception is already developing before age 5 years, largely based on perceived competence and perceived social acceptance we, unlike others, 9, 10, 27 included only children with no history of amblyopia diagnosis or patching treatment in our nonamblyopic group. Because the focus of this study was the influence of amblyopia on self-perception, we did not enroll children with strabismus of more than 4 prism diopters. The self-perception of both social and athletic competence were associated with performance on aiming and catching tasks. A moderate association between social competence and athletic competence has been reported previously.
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While it is difficult to infer causality, it has been suggested that athletic prowess may lead to greater social acceptance or popularity during grades 3 to 8.
Nearly all of the children with amblyopia and children without amblyopia had spectacle correction while none of the healthy controls wore eyeglasses. Because the children with and without amblyopia differed from controls in their selfperception of social and athletic domains, it is possible that wearing eyeglasses contributed to their altered selfperception of social and athletic competence. However, for the scholastic domain, only the children with amblyopia had lower scores, which was consistent with an effect solely due to amblyopia. This hypothesis is supported by the association between reading speed and the self-perception of scholastic competence.
Limitations
It remains unknown whether improvements in sensory function as a result of amblyopia treatment will result in The vertical bars show standard errors of the mean. a The group's mean score was significantly lower than the control group's mean score. improved self-perception of scholastic, social, and athletic competence. The lack of an association between visual acuity and stereoacuity and competence domain scores suggests that amblyopia treatment may not improve selfperception. On the other hand, the association between self-perception of scholastic competence and reading speed, along with our prior finding that decreased reading speed in amblyopia results primarily from an abnormally large number of forward saccades, 4, 5 suggests that amblyopia treatment may improve the self-perception of scholastic competence. Along the same line, data showing that motor skills improve following amblyopia treatment 11 suggest that treatment may improve the self-perception of athletic and possibly social competence.
Conclusions
These findings suggest that lower self-perception is associated with slower reading speed and worse motor skills and may highlight the wide-ranging effects of altered visual development on children with amblyopia in their everyday lives. 
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